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ABSTRACT : . PURPOSE: To obtain a hydrogen separation membrane having large hydrogen 

permeation ami. by drawing or blasting a metal porous body in the process of plating or 
ion plating on the surface of a thin film containing Pd of the metal porous body. 

_ _ GONST-l-TUTION~A-metaLporous base..body-is-produced.byJaminating3nd_sinterjng a 

porous metal thin film 2 and plural numbers of metal nets 3 having small pores. The 
porous metal thin film 2 is obtd. by roiling and sintering a metal fiber nonwoven fabric 
having small fiber diameter (e.g. SUS 31 6L metal fiber nonwoven fabric having 2|im fiber 
diameter). The metal nets. 3 are laminated in a various state according to the strength and 
dimension required to maintain the pressure-resistant strength. Then a thin film 1 
containing Pd is formed on the surface of the porous metal thin film side by plating, ion 
plating, etc. in this process, the surface is subjected to drawing or blasting with metal in 
the stage that not all pores are sealed so that the pores not completely sealed is 
decreased in size. Then the thin film is treated by plating or ion plating till the thin fiim is 
completely sealed to obtain the hydrogen separation membrane. 
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* NOTICES* 

J?0 and NCJFI are not responsible for any 
damages caused by the use of this translation . 

LThis document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. ***" shows the word which can not be translated. 

3. in the drawings, any words are not translated. 



DETAILED DESCRIPTION 
. [Detailed Description of the invention] 

[0001] 4 ' 

[Industrial Application] This invention relates to the manufacture approach of the hydrogen 

demarcation membrane for seoarating the hydrogen in mixed aas 

[0002] 

[Description of the Prior Art] As energy-saving mold separation technology, the separation method of 
the gas by the film attracts attention in recent years. Hydrogen is separated from a hydrogen content 
gas and the approach of using the film which makes Pd a subject as an approach of obtaining the 
hydrogen of 99.99% or more of high grade is learned. 

[0003] It was manufactured by carrying out the distraction of the alloy which makes Pd.or Pd a 
subject, and considering as a thin film conventionally, and this film was supported and used by the 
housing. However, an about 60-100-micrometer comparatively thick thing must be used, and the 
amount of expensive Pd usedlncreasesV and this approach has the small frahsmissioh rate of * 
hydrogen. 

[0004] Moreover, although the hydrogen demarcation membrane which made the thin film containing 
Pd form in the front face of the porous body which consists of minerals ingredients, such as ceramics, 
is proposed, this hydrogen demarcation membrane is ** brittle material, since it is weak against a 
mechanical strength, and vibration and an impact, it is difficult to hold so that a base material may not 
be damaged, and it requires the design of a special container or the supporting method. ** Since it is 
- - -hard and-it difficult-for-workability to acquire the Plastic solid of the shape of a long pipe-bad, the 
degree of freedom of a design is also small. ** Since welding is impossible, the structure of the seal 
section becomes complicated. 

[0005] Furthermore, the porosity metal body which has the 0.1-20-micrometer pore replaced with 
minerals ingredients, such as ceramics, again is used as a base material, and the hydrogen 
demarcation membrane which made the thin film containing Pd form in a front face is proposed. It is 
what carried out press forming of the ** foaming (porosity) metal, and controlled pore size as the 
manufacture approach of this porosity metal porous body. ** What carried out sinter molding of the 
metal impalpable powder with a small particle size (50 micrometers or less). Although the thing 
which the chemical reaction removed [ thing ] powder and made pore generate is proposed after" 
adding powder removable [ with a chemical reaction ] to the metal mixed or fused to metal pov/der, 
since it is-difficuit for all for workability to manufacture a long pipe with thin meat bad, though it can 
manufacture, in order to enlarge pressure resistance, thick meat is required, and ventilation 
resistance becomes large and is not suitable as a base material of a hydrogen demarcation 
membrane. 

[0005] Then; we proposed the hydrogen demarcation membrane manufactured by the following 
approaches as a means to solve the trouble of the above-mentioned conventional technique 
(Japanese Patent Application No. 3-No. 1 1 581 1 ) 

In order to make the thin film containing Pd 50 micrometers or less form easily, the small metal fiber 
nonwoven fabric of the diameter of fiber is rolled out. The porosity metal thin film used as 0.05-. 
0.15mm and thin meat in order that 0.1-20 micrometers and surface pore might be small and might 
not enlarge ventilation resistance by sintering, The metal porous body which carried out iaminatina 
sintering of two or more wire gauzes which have the pore 100 micrometers or more which changed 
the laminating condition according to reinforcement and a dimension required in order to hold 
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pressure resistance is manufactured. While this ventilation resistance has small high reinforcement, 
the hydrogen demarcation membrane which made the thin film containing Pd form in the porosity 
metal thin film side front face of a metal porous body which can process long pipe bendina etc. thinly 
by the dry coating methods, such as a coating method wet [, such as (a) plating, ], (b) vacuum 
evaporation technique, ion plating, and vapor phase reaction (CVD). is manufactured. Since the 
hydrogen demarcation membrane proposed [ this ] can be welded, it also has the effectiveness that a 
modularization becomes easy. 
[0007] 

[Problem(s) to be Solved by the Invention] Also in separation of the hydrogen by Pd film, a gaseous 
transmission rate is inversely proportional to membranous thickness like the usual membrane 
separation. Therefore, it is effective in manufacturing a hydrogen demarcation membrane with a bia 
hydrogen permeation rate to make the thin film containing Pd as thin as possible. 
[0008] However, in the plating and ion plating which are mentioned as an approach of making the thin 
film containing Pd forming, although the surface pore size of a metal porous body needs to be 10 
micrometers or less at the maximum in order to form the thin film containing Pd in 10 micrometers or 
less, as for the proposed metal porous body, average pore size has about 15 micrometers [ a 
maximum of ]. surface pore by 5-7 micrometers. 

[0009] Therefore, at least 15-20 micrometers of thickness of the thin film which requires many 
processing times in order to seal the surface pore of the present metal porous body completely with 
the thin film which contains Pd by plating or ion plating, and contains Pd are required. There is a 
problem that the amount of Pd used with it increases. [ a small and hydrogen permeation rate and I 
[ expensive as the result ] 

[0010] Moreover, in order to consider as a hydrogen demarcation membrane with a big hydroaen 
permeation rate, the ventilation resistance of the metal porous body itself is'required also for the 
small big thing of hole density, but when surface pore size is made small, -ventilation resistance goes 
up and there is a problem that hole density falls. Although what is necessary is just to use a metal 
fiber nonwoven fabric with a very thin wire size as a means to solve it, sintering and processing 
conditions become severe and there are problems, like costs cut in many. 

[001 1] In view of the above-mentioned technical level, ventilation resistance of this invention is small, 
and it is going to offer the manufacture approach of the hydrogen demarcation membrane which the ' 
amount of Pd used also has and ends. [ few ] 
[0012] 

[Means for Solving the Problem] this invention is the manufacture approach of the hydrogen 
demarcation membrane characterized by things for which sealing is performed in the middle of, such 
as plating or in plaiting, in the approach of making the thin film containing Pd or Pd forming in the 
front face of the metal porous body which has (1 ) pore. 

[0013] (2) The manufacture approach of the hydrogen demarcation membrane the above-mentioned 
(1 ) publication characterized by drawing through with a metal etc. the thin film front face which 
contains Pd or Pd for sealing; or carrying out by blasting processing. It comes out. 
[0014] If the metal used as an ingredient drawn through in sealing in this invention has hardness 
larger than Pd (Vickers hardness: 120 or more Hv(s)), anythings can be used and, as for a blasting 
processing ingredient, the glass bead of a silica system etc. will be used. It is better not to shave off, 
although ii is important for a glass bead that it is a globular form and the distraction of the Pd film is ' 
carried out. Moreover, as a shot, since what has large mass has a possibility of makino a metal 
porous body deforming, it is not so desirable. 
[0015] 

[Function] Hereafter, this invention is explained still more concretely, and an operation of this 
invention is combined and is clarified. 

[0016] (1) Manufacture the metal porous body which carried out laminating sintering of two or more 
wire gauzes which have the porosity metal thin film which rolled out and sintered the small metal fiber 
nonwoven fabric of the diameter of fiber as a base material ef-s hydrogen demarcation membrane, 
and was used as thin meat, and the pore which changed the laminating condition according to 
reinforcement and a dimension required in order to hold pressure resistance. 
[0017] (2) Make the thin film which contains Pd by plating or ion plating form in the porosity metal thin 
film side front face of the metal porous body. 

[001 8j (3) the plating with which sealing of the surface pore is not completely carried out in this 
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invention although ai least 15-20 micrometers is required io seal manifestation pore completely, or 
ion plating - on the way - in a phase, the front face of the thin film containing Pd is depended on a 
metal etc. ~ carry out cover printing or blasting processing. Puncturing which the front face of the thin 
film which contains Pd by this processing collapses, and has not sealed completely becomes small. 
[0019] (4) Process plating or ion plating until surface pore seals completely with the thin film 
containing Pd further after that. Since the surface pore of the thin film containing Pd is small, this 
processing can be performed in a short time, and the manufacture of a hydrogen demarcation 
membrane with the thin film which contains very thin Pd as that result of it is attained 
[0020] 
[Example] 

(Example 1) Although the thin film which contains Pd to the metal porous body pipe of this invention 
was made to form ; the mimetic diagram of cross-section structure is shown in drawing 1 , and 
drawing 1 explains one example of this invention. 

[0021] The metal porous body which carried out laminating sintering of the thing 3 which piled up the 
SUS316L metal fiber nonwoven fabrics 2 and 200 and the wire gauze (SUS316) of 100 or 40 meshes 
used as the porosity metal thin film of 2 micrometers of wire sizes on the conditions of 1200 degree- 
Cx 3 hours was rolled, it processed -> welded, and the pipe of 20phix300L was manufactured. The 
total thickness of this pipe is about 0.6mm, and the thickness of a porosity metal thin film is 0.1 0mm. 
Moreover, on the average, although surface pore size is about 6-7 micrometers and hole density is 
about 30%, it has 15 micrometers [ a 'maximum of ] pore to some extent The scanning electron 
microscope photograph (1000 times) of the situation of this metal porous body pipe outside surface is 
shown in drawing 2: 

[0022] Pd was galvanized with nonelectrolytic plating (immersed in the liquid containing the 
compound and reducing agent of Pd) until sealing of the surface pore was completely carried out 
without using this invention for the outside surface of this metal porous body pipe. The plating time 
amount taken to be able to seal completely was 20 hours, and the thickness of Pd plating was about 
"18 micrometers. (Example 1 of a comparison) 

[002SJ Moreover, blasting processing (the diameter of an average bead: 115 micrometers and 
pressure: 5 kg/cm2) according the front face of the metal porous body pipe after 6-hour plating to a 
glass bead was carried out with the nonelectrolytic plating of the same conditions. The ventilation 
resistancexrieasurement result before and behind the blasting processing after 6-hour plating is 
shown in drgwing 3 , and the scanning electron microscope photograph (1000 times) of the surface 
situation of P^ plating film is shown in drawing 4 and drawing 5 . Surface pore is crushed by blasting 
processing, it becomes small, and, as a result, ventilation resistance is going up about 200 times. 
[0024] Being abte to seal the pipe after the above-mentioned blasting processing completely with the 
nonelectrolytic plating of the same conditions of 4 more hours, the thickness of the film 1 of the Pd 
plating was about 8.5 micrometers. (Example 1) 

[0025] It is attached to each pipe of what carried out Pd plating by the approach of the thing (example 
1 of a comparison) which carried out Pd plating without using this invention, and this invention 
(example 1), and is H2. They are G and a flow rate 3kg/cm2 about the pressure of mixed gas 200 
Nl/min The hydrogen permeation test result carried out at 500 degrees C is shown in Table t 
[0025] the hydrogen permeation rate of what carried out Pd plating by the approach of this invention 
so that clearly from Table 1 (example 1) - 42cm3 / cm2 } and min it is - it is 2.1 times of an approach 
(example 1 of a comparison) which does not use this invention, and about 1 1 times the Pd film which 
carried out the distraction of the alloy containing conventional Pd or Pd. 
[Table 1] 
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[0027] Moreover, the amount of Pd plating liquid used in the approach (example 1) of this invention is 
the; one half of the approach (example 1 of a comparison) of not using this invention and is effective 
not only from time amount compaction but cost saving. 

[0028] (Example 2) Ion plating was carried out until sealing of the surface pore was completely 
carried out without using this invention for the outside surface of a metal porous body pipe which has 
the outside surface shown in drawing 2 manufactured in the example 1. The ion plating time amount 
taken to be able to seal completely was 180 minutes, and the thickness of Pd was about 25 
micrometers. (Example 2 of a comparison) 

[0029] Moreover, the front face of the metal porous body pipe after 50-minute ion plating was carried 
out on the same ion plating conditions, and cover-printing processing was carried out in metal **. The 
ventilation resistance measurement result before and behind the cover-printing processing after 50- 
minute ion plating processing is shown in drawing 6 , and the scanning electron microscope 
photograph (1 000 times) of the surface situation of Pd ion plating film is shown in drawing 7 and 
drawing 8 . Surface pore is crushed toy cover-printing processing *it becomes small, and ventilation 
resistance is going up about 300 times. 

[0030] Being able to sea! further the pipe after the above-mentioned cover-printing processing 
completely by ion plating processing- of the same conditions for 30 minutes, the thickness of the Pd 
ion plating was about 10 "micrometers*. (Example 2) 

[0031] It is attached to each pipe of what carried out ion plating, by the approach of the thing (example 
2 of a comparison) which carried out ion plating without using this invention, and this invention 
(example 2), and is H2. They are G and a flow rate 3kg/cm2 about the pressure of mixed gas 20 
Nl/min The hydrogen permeation test result carried out at 500 degrees C is shown in Table 2. 
[0032] the hydrogen permeation rate of what carried out ion plating by the approach of this invention 
so that clearly from Table 2 (example 2) - 34cm3 / cm2, and min it is - it is about 2.8 times of an 
approach (example 2 of a comparison) which does not use this invention, and about 8.5 times the Pd 
film which carried out the distraction of the alloy containing conventional Pd or Pd 
[Table 2] 
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Moreover, the amount of Pd used in the approach (example 2) of this invention is below one half of 
the approach (example 2 of a comparison) of not using this invention, and is effective not only from 
time amount compaction but cost saving. 



Page 4 of 5 



; JP-A-5085702 
[0033] 

[Effect of the Invention] According to this invention, very thin Pd or Pd alloy film can be formed, a 
hydrogen demarcation membrane with the large amount of hydrogen permeation can be offered, and 
there is an advantage that there are also little compaction of working hours and amount of expensive 
Pd used, and moreover they end. 



[Translation done.] 
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(57) [Abstract] 

[Problems] The present- invention relates to a method for producing a hydrogen 
separation membrane that separates out the hydrogen m a mixed sas. 

[Means of Solution] A method. for producing a hydrogen separation membrane, 
being a method for forming Pd or a thin film containing Pd on the surface of a metal 
porous body with fine pores, wherein the sealing of pores (either by drawing with metal 
etc, or it is carried out by blasting) is carried out in the middle of plating or on platin^ 





1 . . . Thin film containing Pd 

2. . . Porous metal thin film 

3 . . . Laminated body with a plurality of metal nets 



[Scope of Parent Claims] 

[Claim 1] A method for producing a hydrogen separation membrane, being a method for 
forming Pd or a thin film containing Pd on the surface of a metal porous body with fine 
pores, wherein the sealing of the pores is carried out in the middle of plating or on 
plating. 

[Claim 2] The method for producing a hydrogen separation membrane described in Claim 
L wherein the sealing of the pores is carried out either by drawing with metal, etc., or by 
blasting the Pd or the surface of a thin film containing Pd. 
[Detailed Description of the Invention] 

.[0001] . . 

[Field of Industrial Application] The present invention relates amethod for producing a 

hydrogen separation membrane that separates. out the hvdrosen in a mixed eras 

[0002] 

[Prior Art] Methods for separating gases by a membrane have attracted attention in recent 
years as an energy-saving separation technique. A method wherein a membrane whose 
main constituent is Pd is used is known of as a method for separating out the hvdrosen 
from a hydrogen-containing gas, and obtaining hydrogen with a hish puntv of at least 
99.99%. 
[0003] 

Conventionally., it is prepared by drawing Pd or an alloy whose main constituent 
is Pd. and making this into a thin film, and this membrane is supported in a support frame 
and used. However, in this method it is necessary to use relatively thick membranes about 
60-100 urn thick, and the amount of expensive Pd increases and moreover the 
permeability rate of the hydrogen is small. 
[0004] 

' In addition, a hydrogen separation membrane wherein a thin film containing Pd is 
formed on the surface of a porous body composed of a mineral material like ceramics, 
etc., has-been proposed. However, this hydrogen membrane has the following drawbacks: 
© It is a brittle material, and is weak when it comes to mechanical strength and vibration 
and shocks, so it is difficult to keep the base material so that it does not break, and a 
.special container or the design of a support method are required. © Since it is hard, its 
processing qualities are poor, and it is hard to obtain a long pipe-shaped molded body, so 
there is little degree of freedom in the design as well. ® Since welding is not possible, 
the structure of the seal part is complicated. 
[0005] " . 

. Moreover, a hydrogen separation membrane wherein a porous metal body-that has 
fine pores 0. 1 -20 urn large in the place of the mineral material like ceramics, etc., is used 
as the base material, and a thin film containing Pd is formed on the surface has further 
been proposed. As methods for porous polypore metal, © a method wherein foaming 
(porous) metal is press molded and the fine pore diameter is controlled, <D a method 
wherein a metal fine power with a small gram diameter (maximum of 50 urn) is formed 
by sintering, and (D a method wherein , a powder that can be eliminated by a chemical 
reaction is mixed with a metal powder or added to a molten metal., after which the 
powder is eliminated by a chemical reaction arid fine pores are produced, have, been 
proposed, but in all of these methods the processing qualities are. poor, and it is hard to 



prepare a long pipe with thin flesh, so even if its preparation is possible thick flesh is 
necessary to increase the compression strength and the air-flow resistance becomes 
greater, and it is not suitable as the base material of the hvdrosen separation membrane 
[0006] ~ 

Accordingly, a hydrogen separation membrane prepared by the following method 
was proposed as a means for solving the above-mentioned problems of the prior art. 
(Japanese Patent Application No. H03[1991]-l 15811) In this method there is prepared a 
polypore metal that laminates and sinters (a) a porous metal thin film whose surface fine 
ports are small at 0.1-20 urn due to the fact that metal fiber non-woven cloth with a small 
fiber diameter are stretched and sintered so that the a thin film containing a maximum of 
50 um Pd is formed easily, and that is. made into a thin film of 0.05 to 0.15 mm so that 
the air-flow resistance does not increase, and (b) a plurality of metal nets with fine pore at 
least 100 um large that alters the laminated state in accordance with the dimensions. In 
this method, there is prepared a hydrogen separation membrane whose air-flow resistance 
is small and .that has high strength, and in addition a thin film containing Pd is formed 
thinly on the surface of a porous metal thin film of a polypore metal with which such 
processing as long pipe bending is possible, by (a) wet coating methods like plating, and 
(b) dry coating, methods like vacuum deposition, ion plating, the gas-phase reaction 
method (CVD), etc. Since welding is possible with this previously proposed hvdrosen 
separation membrane, it also has the effect that modularization is easv 
[0007] 

[Problems that the Invention Attempts to Solve] In the separation of hydrogen by the Pd 
membrane, the permeability rate of gas is inversely proportional to the thickness of the 
membrane, just like ordinary membrane separation. Therefore, making the thin film 
containing Pd as thin as possible is effective in preparing a hydrogen separation 
membrane whose hvdrosen Dermeabilitv rate is larse. 
'[0008] 

However, in plating or ion plating, which have been cited as methods for formins 
a thin film containing Pd, it is necessary for the surface fine pore diameter of the 
polypore metal to be a maximum of 10 urn in order to form a thin film containing Pd 10 
um thick and under, but the previously proposed polypore metal has surface fine pores 
whose mean fine pore diameter is 5-7 um and whose maximum fine pore diameter is 
about 15 um. 
[0009] 

Therefore, a lot of processing time is required in order to seal completely the 
surface fine pores of current polypore metals with a thin film containing Pd by means of 
plating or ion plating, and it is necessary for the thickness of the thin fiim containing Pd 
to be a minimum of 15-20 um. As a result of this, there are the problems that" the 
hydrogen permeability rate is small, and the amount of expensive Pd used becomes 
sreater. 
[0010] 

In addition, it is also necessary for the air-flow resistance of the polypore metal 
itself to be small and the open pore rate to be large in order to make a hvdrosen 
separation membrane with a large hydrogen permeability rate, but there is the problem 
that when the surface fine pore diameter is reduced the air-flow resistance rises and the 
open pore rate declines. Metal fiber non-woven cloth with an extremely fine wire 



diameter may be employed as the means for solving this problem, but there are such 
problems as the fact that the sintering or processing conditions become stringent, and in 
addition considerable expense is involved 
[0011] 

The present invention attempts to provide a method for preparing a hydrogen 
separation membrane whose air-flow resistance is small and wherein the amount ofPd 
used is small m light of the above-mentioned technical level 
[0012] 

[Means for Solving the Problems] The present invention is (1) method for producing a 
hydrogen separation membrane, being a method for forming Pd or a thin film containing 
Pd on the surface of a metal porous body with fine pores, wherein the sealing of the pores 
is carried out in the middle of plating or on platin« 
[0013] 

The present invention is (2) the method for producing a hydrogen separation 
membrane described in (1) above, wherein the sealing of the pores is carried out either by 
drawing with metal etc., or by blasting the Pd or the surface of a thin film containing Pd' 
[0014] ' = 

During the pore sealing, in the present invention, it is possible to use anything for 
the metal used as the material that is drawn provided that it is something whose hardness 
(Vickers hardness) is greater than Pd, and silica glass beads, etc. are used for the blasting 
material. It is important that the glass beads be spherical, and although the Pd membrane 
is stretched it is best that it is not shaved off. In addition, like steel balls there is a risk that 
items with a large mass will deform the polvpore metal so this is not desirable 
[0015] 

[Action] A more specific description of the present invention is provided below, and the 

action of the present invention is also clarified. 

[0016] 

(1) There is prepared a polypore metal that laminates and sinters (a) a porous 
metal thin film wherein a metal fiber non-woven cloth is stretched and sintered to make 
thin flesh, as the base material of the hydrogen separation membrane, and (b) a plurality 
of metal nets that have fine pores that alter the laminated state in accordance with the 
strength and dimensions required to maintain the compression stren<nb 

[0017] •. ... 

(2) A thin film containing Pd is formed on the surface- of the porous metal thin 
film of this polypore metal bv plating or ion p!atin<? 

[0018] 

(3) A minimum size of 15-20 urn is required in order to seal completely the 
surface fine pores, but in the present invention drawing or blasting by metal, etc. are 
implemented for the surface of the thin film containing Pd, at the intermediate stase of 
the plating or ion plating when the surface fine pores have not been completelv sealed. 
The surface of the thin film containing Pd collapses due to this treatment. -and the open 
pores that have not been completelv sealed become smaller 

[0019] 

(4) After that, treatment like plating or ion plating is further carried out until the 
surface fine pores are completely sealed with the thin film containing Pd. It is possible to 
carry out this treatment in a short period of time since the surface line Dores of the thin 



film have become smaller., and as a result of this it is possible to prepare a bvdrosen 

separation membrane that has an extremely thin film containing Pd 

[0020] 

[Embodiments] 

(Embodiment 1 ) Figure 1 shows a pattern diagram of the sectional structure of an item 
wherein a thin film containing Pd is formed on the inventive polypore metal pipe. A 
description of one embodiment of the present invention is provided b'v means of ^i<mrs 1 
[0021] ' " 

Polypore metal that laminated and sintered at 1.200 degrees Centigrade for 3 
. hours SUS3 1 6L, a metal fiber non-woven cloth 2 that serves as the porous metal thin film 
with a wire diameter of 2 urn and an item wherein 200, 1 00 and 40 mesh metal nets 
(SUS316) are layered 3 is wound and welded to prepare a pipe of 20 (p x 300L. The full 
thickness of this pipe is approximately 0.6 mm : and the thickness of the porous metal thin 
film is 0.10 mm. In addition, the surface fine pore diameter is approximately 6-7 urn on 
average, and the open pore rate is approximately 30%, but it has fine pores with a 
maximum diameter of 15 urn to a certain extent. Figure 2 shows a scanning electron 
microscope photograph of the state of the outer surface of this polypore metal pine 
.[0022] 

Pd was plated on the outer surface of this polypore metal pipe by non-electrolytic 
plating (immersed in a liquid containing a compound of Pd and a reducing, agent) the 
surface fine pores were completely sealed without employing the present invention. The 
plating time required until these were completely sealed was 20 hours, and the membrane 
thickness of the Pd plating was approximately 18 urn. (Comparative Example 1) 
[0023] 

in addition, after 6 hours of plating by. non-electrolytic plating under the same 
conditions, blasting by glass beads (mean bead diameter: 115 urn; pressure: 5 kg/cm 2 ) 
was carried out on the surface of the polypore metal pipe. Figure 3 shows the results of 
measurement of air-flow resistance before and after blasting following 6 hours of plating, 
and Figure 4 and Figure 5 show scanning electron microscope photographs 
(magnification of 1,000 times) of the state of the outer surface of the' Pd plating 
membrane. The fine pores of the surface have collapsed due to the blasting and become 
smaller, and the air-flow resistance has risen by approximately 200 times 
[0024] 

The pores of the pipe after the above-mentioned blasting were completely sealed 
by non-electrolytic plating under the same conditions for another 4 hours, and the 

thickness of the membrane 1 of that Pd plating was approximately 8.5 urn. (Embodiment 
1) • ..... 

[0025] 

Table 1 shows the results of the hydrogen permeation test, which was conducted 
for the pipe that was Pd plated without employing, the. present invention (Comparative 
Example 1) and the pipe that was Pd plated with the method in the present invention 
(embodiment 1 ), at 500 degrees Centigrade and conditions of 3 kg/cm" for the pressure 
of the H 2 mixed gas and 200N 1/minute for the flow rate 
[0026] 

As is clear from Table 1, the hydrogen permeability rate of the pipe that was Pd 
plated with the method in the present invention (Embodiment 1) is 42 cmVcm 2 • min. and 



this is 2.1 times that of the method that does not employ the present invention 
(Comparative Example 1), and ! 1 times that of a conventional Pd membrane in which the 
Pd or an alloy containing Pd is stretched, 



Sample No. 


Memorane thickness of the j Hydrogen permeability rate 
Pd I (cm J /cnr ♦-mm 


Embodiment. ] 


8.5 um j 


Comparative bxample 1 | 18 um 


20 


I Conventional Example 


0.15 mm 
(Pd-Ae membrane) 


3.4-4.1 



(The product hydrogen gas had a purity of at least 99.99%) 
[0027] 

In addition., the amount of the PD plating liquid use in the method of the pr-sent 
invention (Embodiment 1) is half that of the method that does not employ the nresent 
invention (Comparative Example- 1), and thus there are effects not onlv in terms of 
snortenmg tne time but also reducing expenses 
[0028] 

(Embodiment 2) Ion plating was done, on the outer surface of a poiypore metal pine with 
the surface shown m Figure 2 that was prepared in Embodiment 1 until the surface fin- 
pores were completely sealed without employing the present invention. The ion nlatino 
time required until these were completely sealed was 180 minutes, and the membran- 
^ 0 C ^ eSS ° f th£ Pd was a PP roximate ^y 25 um. (Comparative Example 2) 

In addition, after 50 minutes hours of ion platins under the ion nlatino same 
conations; drawing with a metal scraper was carried out on the surface of 'the nolynore 
metal pipe, rigure 6 shows the results of measurement of air-flow, resistance before' and 
after. drawing following 50 minutes of ion plating, and Figure 7 and Figure 8 show 
scanning electron microscope photographs (magnification of 1.000 times) of the stat- of 
tne outer surtace of the Pd ion plating membrane. The fine pores of the surface hav- 
collapsed due to the drawing and become smaller, and the air-flow resistance has ris-n bv 
approximately 300 times. ~ - 

[0024] 

The pores of the pipe after the above-mentioned drawing were completely s°al-d 
by ,on plating under the same conditions for another 30 minutes'; and the thickness of th- 
membrane 1 of that Pd plating was approximately 10 um. (Embodiment 2) 
[0031] 

Table 1 shows the results of the hydrogen permeation test, which was conducted 
tor me pipe that was ion plated without employing the present invention (Comparative 
Example 2) and the pipe that was ion plated with the method in the present invention 
(Embodiment 2), at 500 degrees Centigrade and conditions of 3 kg/cm 2 for the nressur* 
oi the H 2 mixed gas. and 20N 1/minute for the flow rate ~ ' 

[0032] 

As is clear from Table 2, the hydrogen permeability rate of the pipe that was ion 
plated with the method in the present invention (Embodiment 1) is 34 cmW . mir and 
tms is 2.8 times that of the method that does -not employ the present invention 



(Comparative Example 1) : and 8.5 times that of a conventional Pd membrane in which 
the Pd or an alloy containing Pd is stretched. 



Sample No. 


Membrane thickness of the 
Pd 


Hydrogen permeability rate 
fcm J /cm" • rain 


Embodiment 2 


10 urn 1 M 


Comparative Example 2 


25 um 1 12 


Conventional Example 


0.15 mm 
(Pd-Ae membrane) 


3.4-4.1 



(The product hydrogen gas had a purity of at least 99.99%) 

In addition, the amount of the PD plating liquid use in the method of the present 
invention (tmbodiment 2) is half that of the method that does not emplov the present 
invention (Comparative txample 2) : and thus there are effects not only in terms of 
• shortening the time but also reducing expenses 
[0033] 

[Effects --of the Invention] According to the present invention, there are the advantages 
that it is possible to form an extremely thin Pd or Pd alloy membrane, and it is possible" to 
provide a hydrogen permeable membrane with a large hydrogen permeability speed, and 
moreover it is possible to shorten the operation time and to use only a small amount of 
expensive Pd. 

[Brief Description of the Invention] 

[Figure ^1] Figure 1 shows a pattern diagram of the sectional structure of an item wherein 
a thin film containing Pd is formed on the inventive polypore metal pipe. 
[Figure 2] Figure 2 shows a scanning electron microscope photograph of the fine metal 
structure of the outer surface of this polypore metal pipe' (before plating and ion plating) 
in Embodiments 1 and 2. 

[Figure 3] Figure 3 shows the results of measurement of air-flow resistance before and 
■ after blasting following 6 hours of plating to the polypore metal pipe in Embodiment 1. 
[Figure 4] Figure 4 shows a scanning electron microscope photograoh of the fine metal 
structure of the state of the outer surface of the Pd plating membrane prior to blasting 
following 6 hours of plating to the polypore metal pipe in Embodiment 1 . 
[Figure 5] Figure 5 shows a scanning electron microscope photograph of the fine metal 
structure of the state of the outer surface of the Pd plating membrane after blasting of the 
item with the Pd plating membrane surface state shown in Figure 4. 
[Figure 6] Figure 6 shows the results of measurement of afr-fiow resistance before and 
after drawing following 50 minutes of ion plating to the polypore metal pipe in 
Embodiment 2. 

[Figure 7] Figure 7 shows a scanning electron microscope photograph of the fine metal 
structure or the state of the outer surface, of the Pd ion plating membrane prior to drawing 
following 50 minutes of ion plating to the polypore metal pipe in Embodiment 2. 
[Figure 8] Figure 8 shows a scanning electron microscope photograph of the fine metal 
structure of the state of the outer surface of the Pd ion plating membrane after blasting of 
the item with the Pd ion plating membrane surface state shown in Figure 7. 
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